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aerosol optical depth chosen appears to be to high to represent conditions prevalent where PV. especially concentrating systems. are most likely to be deployed
In the years since these spectra were last ["' l ' atmospheric physics and aerosol properties, and improved radiative transfer models have been developed. These and in particular the SMARTS2 model of Gueymard m, can be used to address the issues above.
The American 3, IS0 9845'1) provide standard spectra for photovoltaic revised* more accurate and up-to-date knowledge Of 
PRESENTSPECTRALSTANDARDS
The present spectral reference standard, ASTM plus ground reflected) spectral distributions. The hemispherical spectrum is incident on a 37' tilted surface facing south. These spectra were developed in 1982,and revised in 1987. They are based on the work of Bird. Hulstrom. and Lewis [3] . The spectra were computed using the BRlTE Montecarlo model for 122 individual wavelengths from 305 nm to 2500 nm [4] . The spectra were later extended to 4045 nm using an undocumented simple spectral model. It is not possible to reproduce for the computations.
with the current reference spectra have arisen as the terrestrial PV community have come to depend upon these spectra for evaluating technologies. irradiance, device temperature of 25" C. and the ASTM G-159-98 (formerly ASTM E892) Air Mass 1.5 hemispherical spectrum [1, 2] . In previous work [5.6] . we have shown a "broadband" AOD (0.08) in the southwestern United States occurs when prevailing conditions are near SRC.
The "broadband' (BB) AOD in the NSRDB was computed from the total transmitted direct beam, and not a true spectral AOD [lo] . The corresponding AOD at 500 nm was computed by using the SMARTS2 model (described below) AOD input to achieve the same DNI irradiance that the BB AOD would produce in the NSRDB at an air mass of 1.5. Figure 1 shows the relationship between broadband and monochromatic AOD. (Note: ONLY for the ASTM G-159 conditions specified in the preceding section.) The equivalent monochromatic AOD at 500 nm for our previous studies is about 0.12, much lower than the 0.27 specified in ASTM G-159-96.
To further quantify the AOD representative of the climate favorable for the deployment of PV. we examined the National Solar Radiation Data Base (NSRDB) [lo] sites with an annual mean daily total direct beam 2 6.0 kWh/m*/day. The mean monochromatic AOD for 15 sites meeting this criterium is 0.085. as shown in The spectral step size of the extraterrestrial spectra is 0.5 nm from 280 nm to 400 nm. 1 nm from 400 nm to a transitional wavelength at 1702 nm, and 5 nm from 1705 nm and thereafter. The effective spectral resolution for SMARTS2 at each computed point is equivalent to the wavelength interval (e.g., 0.5 nm, 1 nm, or 5 nm) SMARTS2 incorporates ten reference atmospheric profiles, including the USSA. The model accounts for Rayleigh scattering and ozone, nitrogen dioxide, mixed gases, 10 pollutant gases, water vapor, and aerosol extinction properties. The program provides much of the flexibility of MODTRAN4 with improved accuracy over the NREL SPCTRAU model. Because of the accuracy and ease of use of SMARTS2 with respect to MODTRAN, we selected it as the atmospheric transmission model to generate proposed revised spectral distribution standards. We propose to make the SMARTS2 model available as an adjunct standard to the proposed revised spectral standards, so that any user will be able to generate the reference (and other spectra) at the user's convenience. PROPOSEDSTANDARDSPECTRA SMARTS2 inputs to produce the proposed reference spectra are shown in Table 2 . The conditions for the proposed spectra match those for the present spectra in all but three parameters. First, the aerosol optical chosen (0.084) is very close to the that of prevailing conditions derived from the review of broadband data bases (shown in Table 1 ). Second, rather than a 0-7803-7471 -1 /02/% 17.00 02002 IEEE spectrally constant albedo of 0.2, a spectral albedo file for light sandy soil is used. Finally, rather than the default carbon dioxide concentration of the 1976 reference atmosphere (330 parts per million by volume) we propose using the currently accepted value of 370 ppm.
Using 0.084 rather than 0.085 as the AOD, the hemispherical spectrum for the 37" tilted south fadng surface integrates to 1000.37 Wlm2, thus removing the need to scale the reference spectrum for STC. Figure 2 presents the proposed spectra, as well as the present spectra for comparison.
Note that an uncertainty in measurements of AOD of f0.02 represents very high quality measurements.
TableS. SMARTS2 parameters to generate prooosed The orooosed hemisoherical tilt soectrum differs only slightly &om the previous hemisphericil tilt spectrum at the presently tabulated data points. Figure 3 shows the differences between the present and proposed hemispherical spectra at the tabulated points for the present spectrum.
The average percent-of-reading difference between the present and proposed hemispherical spectra between 400 nm and 1100 nm is 3.0%. This difference is smaller than the uncertainty (typically about 5%) in the best spectral irradiance measurements that can be made by a very competent laboratory. The average difference in with respect to PVUSA and our previous work.
The present direct normal spectrum has occasionally been normalized. lo an equivalent total irradiance of 1000 Wlm2 in order to evaluate concentrator systems. However, the correction factor (1000/763 = 1.31)
for this normalization produces spectral irradiance values in the infrared that exceed the extraterrestrial spectrum and are not meaningful [13] .
STATUSOFTHEPROPOSEDRWISED STANDARDSPECTRA
The ASTM consensus process requires three levels of approval. The standard is drafled. discussed. and reviewed at the subcommittee level. Once considered in a suitable form, ASTM conducts a subcommittee ballot. Members vote affirmative, negative (with substantive supporting information), or abstain. Every negative requires discussion by the subcommittee, and revisions are made to acwmmodate persuasive negatives. The revised drafl is re-balloted until approved at the subcommittee level. Upon subcommittee approval, the drafl is balloted by the entire committee. When approved by the committee. the drafl is submitted to the entire ASTM society for review, at which time it is possible further negative responses may occur. Every negative must be resolved. and the process repeats until the draft is finally approved at the society level. The present drafl is under subcommittee ballot as of May 2002.
CONCLUSIONS
We have used a moderately complex radiative transfer model to generate proposed reference spectral irradiance distributions. These spectra are more representative of prevailing conditions where PV may be effectively deployed. The proposed spectra are based on a quantitative analysis of broadband and spectral measurement data. The proposed hemispherical spectrum on a tilted surface differs only slightly from the existing spectrum, with minimal impact to the flat-plate PV community. The proposed direct normal spectrum is representative of direct normal spectral conditions near SRC for flat-plate PV. The revised spectra have known ~ -spectral resolution, smaller, uniform spectral intervals, and more UV data. The SMARTS2 model used to generate spectra is proposed as an adjunct standard to allow for easy reproduction of the spectra. and for generating representative spectra for PV design and performance 
